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MEMSLand

MEMSLand
Cost Effective MEMS to Develop a Sustainable High Tech Business

A fast gas analyzer instrument
based on integrated micro GC technology

Vincent Spiering
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MEMS / MNT  micro GC

projects & chips supply (OEM) product supply

C2V now part of Thermo Fisher Scientific 
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• Separation of volatile components in a mixture
– Injection of sample mixture in a carrier gas
– Separation (throughput) in a column
– Detection of components in time

Sample 

injector
Separation 

Column
Detector 

(TCD)

Gas Chromatography 
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Laboratory Process Field

(desk top) (ATEX) (portable)

GC Instruments 
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Lab Process Process

microGC compact GC ATEX GC

GC Instruments today
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MEMSLAND micro GC gas analyzer description

Fast separation and detection of volatile components in a gas. 

• Miniaturization and integration of a micro gas chromatograph, 
including injector, column, and detector results in: 
� reduction of analysis from 30 minutes to 30 seconds
� reduction of costs by 1 order (from10’000’s to 1000’s of euro’s)
� reduction of weight/size from lab table model to hand sized
� reduction of gas consumption and power to allow (field) monitoring
� ppm concentration sensitivity by using a microTCD

• Technology:
� silicon and glass MEMS micromachined chip components (valves, detector) 
� integrated on a channel board (electrical & fluidic interface) 
� such that it can be heated up to 180 C, using a cartridge concept

• Applications:
� lab & environmental: analysis of all kinds of (industrial) gasses in lab/field
� on-line process control: monitoring of industrial processes, natural gas, gas purity
� safety/security/military: monitoring of toxic gases/ chemical warfare agents
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Features / requirements

• Fast & small
• Simple to use & maintain
• Low consuming gas & power
• Robust & reliable
• Reproducible & life time
• Lower costs

• Focus on OEM supply

Enabled by

• MEMS chips miniaturization
• Chip-to-chip connections

(no capillaries, zero dead volume)
• Micro TCD with ms response
• ml/min flow rate
• Fused silica or silicon columns
• Temperature programming

• “Inkjet alike” column oven cartridge 
• “IC alike” assembly
• “EZchrom light alike” software

smaller • faster • better • for less costs

The C2V-200 micro GC
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• Chip level: 
– for microfluidics chip components such as injector, detector, 

channel board

• Integrated chip module level: 
– using Fluidic Multi Chip Module (FMCM) integration 

technology, creating a sort of “lab-on-a-chip” device

• Cartridge level: 
– exchangeable cartridge board with GC separation functionality 

(Board with integrated chip module, heating, column, and 
electrical + gas connections)

• Module level: 
– packaged cartridge channel board with electronics, 

pneumatics, gas interface

• Instrument level: 
– Modular connections on connectable feet with common gas 

channels (carrier, sample, waste), stream selector, sample 
pump, software, standard external connections, USB and 
standard gas connections, 

Technology levels
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Micro Injector:
� Channel array chip

� Membrane valves

� Pneumatic actuation

Micro TCD Detector:
� ppm sensitivity

� ms response

Silicon columns:
� Fast heating

� Integration on-chip

Capillary columns:
� Commercial available

� Opt. Geometry

� Compatible with 
standards

Chip level: MEMS ‘lab-on-a-chip’ components
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Integrated chip level: Fluidic Multi Chip Module

FMCM Chip integration:
� Electrical + Fluidic interfaces

� Components chips assembled on top of a channel plate chip
� No capillaries

� Flip Chip based: compatible with high volumes
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0.25Molecular Sieve 5AGCC-200-MS5A

0.15Diphenylbenzene type UGCC-200-U-BND

0.25Diphenylbenzene type QSGCC-200-QS-BND

0.15100% dimethylpolysiloxaneGCC-200-PDMS

ID
[mm]

Column TypeCartridge

The easy exchangeable GC cartridge (1.25 x 6 x 10 cm) contains:

� Injector and sample loop
� TCD detector
� Column
� Heating (2 zones)
� Memory chip

C2V-200 
Enclosure

GCC cartridge

C2V-200
Core module

Cartridge level: The micro GC column cartridge
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Module level: Easy exchange of GC cartridge

C2V-200 series cartridge

C2V-200 host cover

C2V-200 host unit

Base plate

Pressure controller

� electronics
� interfaces to foot
� pneumatics
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Instrument level: Multi Channel modular instrument
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• Carrier
• Stream 1
• Stream 2
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PC Software for Instrument control and data handling
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� Fast analysis: 10-30 seconds
� Handheld sized
� Easy exchangeable GC channel cartridges                         
� Low power system (< 15 W typical)
� Low costs (decrease per increasing volume)

� Excellent separation: N=10’000-25’000
� Operating up to 180 oC (heat-out: 250 oC)
� Fast T ramping: +240 oC / min.
� Sensitivity: 1 ppm DL with TCD
� Operational carrier gas flow 1 ml/min.

A real faster & smaller micro GC, for lower costs,
with exchangeable column cartridge

C2V-200 micro GC

C2V-200 series cartridge

C2V-200 host cover

C2V-200 host unit

Base plate

Pressure controller
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C2V Gas Analyzer on 
Parker IntraFlow™ sampling system

System integration for Industrial Process

C2V platform interfaces with:
– USB, RS 232/485 and LAN

– NESSi footer (New Sampling/Sensor Initiative)



December 3, 2009 MEMSland Closing Symposiumg 19/28

MEMSLand

Natural gas analysis with T-programming
Temperature Ramp: 50-180 °°°°C in 25 seconds
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Peak height stability (5000 cycles)
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• Other inquiries
– Medical human breath
– Portable environmental
– Automotive cabin air/ exhaust
– Safety air / monitoring
– Building monitoring
– Defense / IED 
– Forensic research

• Evaluated at present:
– Lab & Automation
– Natural gas BTU
– In-line process / ATEX
– GAS & oil exploration
– Gas purity & composition
– Machine monitoring
– Airospace cabin air

C2V-200 micro GC applications
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MEMSLAND demonstraters

o TCD detector (2007)

o Micro GC cartridge and 
module 1st version (2008)

o Integrated chip moulding
(2008)
(live demo for Senter!)

o Micro GC cartridge and 
module 2nd version (2009)
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24 hour log Biogas analyzer
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On-line BioGAS Analysis project
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On-line Biogas installation test
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Our GC roadmap view
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www.c2v.nl
www.thermo.com
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Conclusion

• A successful novel MEMS based micro GC technology platform 
has been developed and brought up to demonstration level

• The micro GC Cartridge enables new applications, “real time”
analysis and replace instead of repair strategies

• The technology platform enables higher manufacturing quality, 
better chromatography and lower costs

• Memory on-board enables higher level of automation and 
intelligent analysis

• � Lower cost of investment
• � Lower cost of ownership
• � Lower maintenance costs 

• Note:  C2V changed into Thermo Fisher Scientific Enschede
The product name C2V-200 will be maintained


